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This study refers to the construction phase, one of a series of phases of construction
projects from planning to design,construction and maintenance.  The objective of the study is
to reinforce site construction technology and management from a viewpoint of contractor
Long mountain tunnel construction technologies have been employed in and out of 」apan
because they have little impact on the natural environment  lt is hoped that both software and
hardware、vill be enhanced for the technologies  Long mountain tunnels are linear structures
with a length larger than that of ordinary mOuntain tunnels (the length of long mountain
tunnels exceeds 3,000m).  In project management as part of construction management, the
irnportance not only of customer satisfaction but also Of self satisfaction of the contractor、、rith
respect to process control, quahty control, technology apphcation, technical development,
technology accumulation and employment of ne、v‐ technologies has been pointed out  The
results of studies and development related to excavation techniques have been pubhcized only
through lilnited media such as construction records(construction logs)and in―house reports
Vヽith the shift to capacity design,emphasis has been placed on continued education of engineers
and practical education in institutions of higher education, and the disclosure of results of
construction technology development has been of greater interest
ln this paper,the enhancement of construction technology is assumed to contribute to the
(1) Reduction Of project cost through quick construction or other lneans,
(ii) Use Of state―of―the―rt technology developed in other Fields than construction,and
(i五) Saving of labor in measurement
Long―distance mountain tunnehng is expected to be adOpted in more apphcations such as
on Shinkansen rail、、たay lines and expressttπays as a construction method with little adverse
impact on the natural environment  The need for long一distance mou tain tunnehng technoト
ogies is therefore expected to increase further_
This study reviews and presents discussions on parameters of self satisfaction of the
contractor such as process cOntrol,quahty control,technology application,technical develop―
ment,technology accumulation and employment of ne、v technologies_  Both customer satisfac―
tion and self satisfaction Of the contractor 、rith project m nagement are essential to the
enhancement of long tunnel construction technology
Chapter l presents three objectives of this study:(1)reduction of project cost by quick
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construction,(11)use of state―of―th ―art technologies developed in other flelds than construc―
tion,and (iii)saving of labor in ineasurement.  Existing studies and the connguration of the
paper are also described_
Chapter 2 discusses a standard no、v of rnountain tunnel construction steps
Chapter 3 makes proposals for cost reduction and quahty assurance by quick construction.
Long mOuntain tunnels pass through various geological settings and faults,so weak soils are
often encountered.  Conducting geological surveys for detailed design is dilncult for economic
and technical reasons.  In the construction phase,the budget is in place including the project
cost,so the cost of remedial rneasures should be■linimized、vithin the b dget developed in the
planning phase.  Thus,taking rneasures to control郡〆eak soils lnay frequent y become a critical
path_  Reducing cost through quick construction is therefore considered ilnportant.  This
chapter describes additional surveys that are rnade for ttreak soils encountered and the develop‐
ment of auxiliary methods to control collapse or inrush of Ⅵ/ater into the tunnel
To control seepage in weak soils, either water pressure should be reduced or the soil
strength should be increased.  These measures cannot be implemented simultaneously_
Reducing the ttrater pressure in the tunnel frequently takes much time before it becomes
erective  This chapter describes weak soil control rneasures in long rnountain tunnels such as
cost reduction by quick construction,geological evaluation and securing of safety of work in
unstable耶〆eak soils
The following points are suggested_
(1) Stabilizing、veak soils frolll the ground level while continuing the work at the cutting
face should be considered in long mountain tunnels stibjected to seepage through cracks.
(五) For strengthening ttreak soils while reducing the ttrater pressure, developing a con―
struction method for strengthening heterogeneous soils in combination、、アi h dettratering contrib―
utes to cost reduction
(五i) Where geological conditions are unkno、添πn,delining procedures and coHlrnunicating
them to those concerned for soil evaluation,emergency reporting,and temporary and perma―
nent measures during the、、ro k at the face increase safety and lower the cost
Chapter 4 pOints to the need to introduce newr technologies  Adopting new technologies is
irnportant to both customer satisfaction and self satisfaction of the contractor in project
management_  In this study,for treating the muck produced in long tunnels and is acidined,(i)
floating―type covers are used for seepage ttrater treatment tanks although few have been
practicaHy used in」apan,and (五)nber optic sensors are apphed for rneasurements to evaluate
the safety of capping sheets or earth cover in controlled landnH.  Laboratory and field tests of
these measures produced the fonowing andingS
(i) Using nOating―type covers is likely to reduce cost by approxirnately 300/。thrOughout
the hfe cycle frona installation to removal
(11) Fiber optic sensors are apphcable to continuous strain measurement for the




Chapter 5 makes proposals for saving labor in evaluation and rneasurement in heterogene‐
ous soil  At the tilne of drastic change in geological condition or in the early stages of
excavation during the construction of rnountain tunnels,displacement needs to be estimated to
make decisions to secure the inner tunnel cross section and to reinforce the support system.
Developing a siinple method is required for evaluating heterogeneous soil that is encountered
during excavation  ln this study,attempts are made to increase the accuracy of displacement
estimation and to apply displacement estimation to evaluate the stability of heterogeneous soil.
Long rnountain tunnels are excavated in one direction fro■l a portal over a long length,so great
erorts are required to ensure the accuracy of measurement  pL Statistical approach is taken
to solve this problem and attempts are made to save labor to ensure measurement accuracy.
The fonowing pOints are suggested
(i) As part of lneasurements for long mountain tunnels,the accuracy of estimation of
displacement, an ilnportant indicator of support structure, can be increased by estirllating
displacement in a designated area.
(Ii) Displacement in a designated area is apphcable to the evaluation of supports while
considering the heterogeneity of soils
(i五) Developing a long mountain tunnel rneasurement systeni ensures accuracy and saves
labor.
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